Introduction
Paroxysmal eye movements are common in infants and children. Both epilepsy and non-epileptic condition such as tic disorders can induce paroxysmal abnormal eye movements. When these eye movement events occur as isolated symptoms, it is difficult to determine if they have an epileptic origin. Therefore, simultaneous video and electroencephalogram (video-EEG) recordings are performed to clarify if eye movement events are epileptic. Previous reports found that the etiologies of these events are often unrelated to epilepsy. However, versive horizontal epileptic eye movements have been correlated with frontal, temporal, parietal, occipital, and generalized seizures regardless of whether they were accompanied by head movements.
Here, we report a 4-year-old boy with occipital lobe epilepsy. The chief symptom he presented was brief horizontal eye deviations without altered consciousness. Video-EEG recordings helped determine that these paroxysmal eye movements were epileptic.
Case
The patient was a 4-year-old right-handed boy who was born with a normal delivery and had no developmental problems. He was admitted to our hospital due to paroxysmal horizontal eye deviations that were occurring monthly. He had paroxysmal tonic eye deviations to the left side (Fig. 1a) . These abnormal eye movements were not accompanied by any distinct visual impairments or hallucinations. We did not observe nystagmus, abnormal blinking, or involuntary eyelid twitching. Furthermore, he remained conscious during these episodes. Interestingly, he was able to voluntarily move his eyes against the involuntary eye deviations in response to requests from his mother (Fig. 1b, and  supplementary video) . He demonstrated no neurological abnormalities. Routine blood work revealed no abnormalities, and brain magnetic resonance imaging (MRI) showed blurring of the graywhite matter junction on the right occipital area (Fig. 2a) . Interictal electroencephalogram (EEG) recordings showed no epileptic discharges. A ''wait-and-see approach'' resulted in a gradual increase in these abnormal eye movements, and eventually they were occurring on a daily basis. He was hospitalized so that the episodes could be monitored with long-term video-EEG recordings. Horizontal eye deviations were observed with long-term monitoring. Ictal video-EEG recordings showed repetitive spike waves that began in the right occipital and posterior temporal areas and correlated with his eye deviations. During the eyedeviation periods, these ictal epileptic discharges did not propagate to other areas (Fig. 1c) . Therefore, we determined that the episodes were epileptic and diagnosed occipital lobe epilepsy. This diagnosis was supported by interictal 99mTc-ethyl cysteinate dimer (99mTc-ECD) single-photon emission computed tomography (SPECT) imaging, which showed hypoperfusion in the right occipital lobe (Fig. 2b) . He was treated with carbamazepine, and his paroxysmal eye movements rapidly disappeared. Follow-up examinations revealed that he did not develop seizures and that he was doing well.
Discussion
Here, we reported a 4-year-old male patient with occipital lobe epilepsy. The only symptom was transient horizontal eye deviations. Paroxysmal eye movements, such as nystagmus, opsoclonus, and oculogyric crisis, are common symptoms in infants and young children, and in most cases they are not epileptic. Epileptic eye movements are usually accompanied by other overt symptoms such as head version, dystonic limb posturing, autonomic symptoms, focal or generalized tonic/clonic movements, emesis, or impaired consciousness. Watemberg et al. performed video-EEG studies on 21 cases and concluded that video-EEG recordings are usually unnecessary for infants and young children that only present paroxysmal eye movements. 1 There were two factors in this case that suggested the eye movement events were non-epileptic. First, the patient was able to voluntarily move his eyes during an episode. Second, the sole symptom was paroxysmal eye movements. There were no other seizure symptoms. Therefore, the video-EEG recordings were critical for determining that these eye movements were epileptic. This case suggests that tonic horizontal eye deviations may be epileptic even if there are no other symptoms. Thus, we recommend that video-EEG studies be performed when a patient presents with frequent horizontal tonic eye deviations.
Epileptic gaze deviations can be induced by cortical excitation in frontal eye fields (FEFs), the temporal cortex, or the parietooccipital cortex. 2 In monkeys, these areas contain the cortical saccade regions, which are Brodmann areas 6, 7, and 8. These areas are located in the frontal and intraparietal sulcal regions. All of these cortical saccade regions are reciprocally connected, and impulses from each region project through the superior colliculus and pontine gaze center to the brain stem oculomotor system. 3 Epileptic gaze deviations are often seen in occipital lobe epilepsy cases. However, there are few reports of transient horizontal eye deviations, without altered consciousness or visual impairments, being the chief symptom of occipital lobe epilepsy. 4 It is difficult to determine the exact foci of epileptic gaze deviations since seizures that originate in the occipital lobe can rapidly spread anteriorly through several different circuits. When this rapid spread occurs, the clinical seizure manifestations reflect activities in several different brain regions. The video-EEG results from our patient proved that epileptic gaze deviations could be caused by temporoparieto-occipital cortex excitation.
Seizure 22 (2013) 913-915
Contents lists available at SciVerse ScienceDirect Seizure j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / y s e i z
One interesting finding in our case was that the patient could voluntarily move his eyes against the involuntary epileptic eye deviations. There are very few previous reports that discuss this phenomenon. 5 These voluntary eye movements may have occurred because the patient did not present altered consciousness and the epileptic activity was subtle (small amounts of activity limited to small areas). Therefore, perhaps the activity underlying the voluntary movements was greater than the epileptic activity. One report showed pseudoperiodic lateralized epileptiform discharges (PLEDs) localized to a limited region (FEFs in the unilateral hemisphere) induced gaze deviations. 5 The patient could voluntarily move his eyes during the PLEDs. In our patient, the epileptic activity did not spread to areas beyond the occipital lobe. Previous studies demonstrated that FEFs are critical for generation of active gazes that are elicited by words that imply gaze. 6 Our patient was able to voluntarily move his eyes in response to mother's call, 'Hey, look here. Point at me.' during epileptic attacks. Therefore, it is possible that FEF functions were unaffected by excitatory epileptic activities limited to temporo-postero-occipital regions. Abnormal eye movements that are not accompanied by seizure manifestations can be a symptom of occipital lobe epilepsy. Furthermore, the results from our case demonstrate that voluntary eye movements during epileptic gaze deviations may be important clinical signs for understanding the origins of epileptic foci. Future cases studies that assess additional patients are necessary to further clarify whether these deviations are dependable signs of epilepsy.
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